A nonrelativistic many-body theory to analyze XAFS spectra has been developed on the basis of quantum electrodynamic (QED) Keldysh Green's function approach. To obtain X-ray absorption intensity we calculate the projected photon Green's function d > lm . We discuss some important many-body effects related to the optical field effects: radiation field screening, and also photon propagation effects coupled to electron collective motions.
INTRODUCTION
Many-body XAFS theory has been developed on the basis of many-body scattering theory [1, 2] and Keldysh Green's function theory [3, 4] in the framework of nonrelativistic theory. Most of XAFS theories implicitly assume a bare coupling to the external photon field, however, in general the external field is screened by the dielectric response. To incorporate the screening in the photoemission theory, the mixed photon Green's functions D i0 , D 0i play an important role [5] . Importance of the radiation field screening is demonstrated by large changes (≈ 100%) in the photoelectron current excited from valence band of TiSe 2 around 20eV [6] . Another interesting example is the L 2,3 edge intensity ratio of 3d transition metals for which successful explanation is given by Ankudinov et al [7] taking account the radiation field screening. The present authors have pointed out the crucial role to explain the multiatom resonant photoemission (MARPE) spectra and the white line intensity of XAFS [8, 9, 10] . In this work we have developed a new theory to discuss the optical field effects like the radiation field screening and the photon propagation effects related to the plasmon-poraliton effects based on QED theory.
X-RAY ABSORPTION INTENSITY
The X-ray absorption rate of the photon state (ks) is obtained by use of the time derivative
We should note that the rate w(ks) have different contribution from absorption, emission and also scatterings. In the operator n ks (t) = a † ks (t)a ks (t), the time t in a † ks (t) has to be on + leg (∞ → −∞), whereas that in a ks (t) on − leg (−∞ → ∞) to keep the order of the operators, where a † ks (t 1 ) is the Heisenberg representation of the photon creation operator for the (k, s) state. First we should represent < n ks (t) >, in terms of transverse photon Green'
where δ A l (1) = A l (1)− < A l (1) > and T c is the pathordering operator on the Keldysh closed contour. We now define a useful function d i (ks) by use of the photon polarization vector e i (ks), (e(ks) ⊥ k, s=1,2)
From the definition we obtain a relation
Our main task is thus to systematically calculate the photon Green's function d > lm , which satisfies the Dyson equation slightly changed
The second and the third terms can contribute to the photoabsorption. To obtain the photoabsorption rate we calculate the time derivative of eq. (5) which yields the following formula by use of infinitesimally small positive η to take causality into account
The Langreth rule gives a formula [11] 
We should pick up the terms in the first order of < n ks > in eq. (7). Explicit formulas of the free retarded and greater transverse photon Green's functions are given by
Substituting theses expressions into eq. (6), we obtain the rate of the decrease in photon number proportional to < n ks >
For the third term of eq. (5) we can apply the same discussion, which yields
where we have defined Π = P + PDP.
RADIATION FIELD SCREENING
In the lowest approximation (GW approximation), we have in terms of momentum operator p i [5] 
Since g < (g > ) describes hole (particle) propagation, the energy in g > should be larger than that in g < . We thus have the formula for the rate
where Δ ks is the bare electron-photon interaction operator. Dressed one-electron functions g n (hole) and f q (particle) are defined in ref. [12] which already includes some important many-body effects like intrinsic loss effects in g n , and optical potential effects in f − p ; f q can be either bounded or photoelectron state. The above X-ray absorption intensity formula has also been derived starting from Keldysh Green's function approach within Fermi's golden rule approximation [3, 4] .
To include the optical field effects we have to go beyond the lowest order approximation. In the key formula (9) we can write with aid of the Langreth's rule [11] (PDP)
Next we should pay attention to the relative importance of the transverse and longitudinal terms. For example, we obtain
The first term contributes to the radiation field screening as demonstrated below. The other terms contribute to the other optical field effects as discussed in the next section. The the lowest order mixed polarization propagator P 0 0 j is given in the skeleton expansion [5] 
where v j is the velocity operator. By use of this expression and of the first term in eq. (13), we have a closely related formula to the first formula in eq. (11): Here P 0> is replaced by (P 0 W P 0 ) > . After we take partial sum for the polarization P, we thus have a useful formula including the longitudinal photon Green's function W ,
where P is the longitudinal polarization propagator. As P + PW P = P + PvP + P(vP) 2 + ..., we can show that
A useful relation
leads to the following formula for the X-ray absorption intensity including the radiation field screening,
where (ε a ) −1 is the advanced inverse dielectric function which dynamically screens the bare electron-photon interaction operator Δ ks .
OTHER OPTICAL FIELD EFFECTS
So far we have only included the longitudinal photon Green's function W for D μν , which gives rise to the radiation field screening. In this section other terms are taken into account. The lowest order terms of P lm are given by
From the above relations we have
where we have used the matrix notation and the symmetric relations,
In the same way we have
The relation (20) provides a formula for the purely transverse term .., which are responsible for the radiation field screening [5] :
As discussed before W > contributes to the loss processes [13] , so that d > 0i is well approximated by
On the other hand eq. (23) includes the transverse photon Green's function d > i j . The Keldysh equation for the transverse function is now written
where μ and ν run over i = x, y, z and 0. We pick up the lowest term shown by eq. (12), the second terms in eqs.
(21) and (22), and d r i0 P 0> D a 0 j in eq. (26), which yields the X-ray absorption intensity
Δ opt ks (x; ω k ) = Δ ks (x)
The second term of eq. (28) describes the different optical field effects other than the radiation field screening as discussed before. This term describes the photon propagation in the system coupled to the polarization. The transverse photon Green's function d r ki includes the photon selfenergy which is responsible for plasmonpolariton generation.
CONCLUDING REMARKS
In this work we propose a many-body XAFS theory on the basis of nonrelativistic QED theory including the optical field effects. First we give a sound theoretical basis for the radiation field screening. Further complicated optical field terms related to polariton propagation are also derived. More detailed discussion will be given elsewhere.
